Objectives. To determine whether childhood behaviour is associated with the likelihood of chronic widespread pain (CWP) in adulthood, and any such relationship is mediated through adult psychological distress, using a large population-based birth cohort.
Introduction
Chronic widespread pain (CWP) is a common body disorder presenting to primary care, affecting 12% of adults, and often causes significant disability. The prevalence increases with age to a peak at 5060 years for both men and women, but it is more common in women at any age [13] . As a key feature of FM, CWP is one of the commonest reasons to be referred to a rheumatologist [4] .
The aetiology of adult CWP has been demonstrated to be related to behavioural and emotional factors in adulthood [57] , and its prevalence is more common in people with multiple other common symptoms [8] . It has also been related, prospectively, to some severe adverse events in childhood, such as hospitalization after a road traffic accident and separation from mothers [911] .
Aspects of childhood behaviour are strongly related to children reporting CWP in the short term [12] . It remains unknown whether such behaviour in children is a long-term marker for CWP, although it is an established factor for adult psychiatric disorders [13] . One possibility is that maladjusted childhood behaviour is associated with increased risk of poorer adult psychological health [13] , which in turn affects the risk of CWP. Alternatively, there could be a persisting effect of maladjusted behaviour existing in children, irrespective of adult mental state. The aim of the present study is to establish, prospectively, the long-term relationship between behaviour in childhood and CWP in adulthood. Furthermore, we will investigate whether any such relationship is independent of other factors known to be associated with CWP, such as social class [14] and gender, or mediated through adult psychological distress.
Subjects and methods

Subjects
The cohort comprises 18 558 individuals born in 1 week in 1958 in England, Scotland and Wales, accounting for 98% of all births, plus 920 born overseas in the same index week who migrated to the UK before the age of 16 years. The cohort has been prospectively studied at regular intervals including at 7, 11 and 16 years of age in childhood and additionally at 42 and 45 years of age in adulthood. The cohort profile has been published in considerable detail elsewhere [15] . Ethical approval for the study was obtained from the South East Multicenter Research Ethics Committee (reference 01/1/44).
Behaviour in childhood
Parents were invited to report childhood behaviour using the Rutter A scale at 7, 11 and 16 years of age [16] . Furthermore, teachers assessed childhood behaviour using the Rutter B scale at the age of 16 years [17] . At 7 and 11 years of age, teachers rated childhood behaviour using the Bristol Social Adjustment Guides (BSAG) [18] . Individual items on Rutter scale questionnaires varied with the type of questionnaire (Scale A or B) and ages of follow-up. In the Rutter A scale, there were 14 items at 7 and 11 (028 scale) years of age and 18 items at 16 years (036 scale). In the Rutter B scale, there were 26 items at the age of 16 (052 scale) (see Appendix 1 for details of items). Each item was recoded according to the same coding protocol, 0 = 'does not apply/never', 1 = 'applies somewhat/sometimes' or 2 = 'certainly applies/frequently', in relation to the child. Scores of individual items (02) were then added to obtain the total behaviour score. Inter-rater reliability and retest reliability have been reported as 0.64 and 0.74 in Rutter A scale and 0.72 and 0.89 in Rutter B scale [16, 17] , respectively. The BSAG were completed by teachers who identified some 150 descriptions of behaviour or attitudes at school, which applied to a child. These descriptions were grouped into the following core 'syndromes': unforthcomingness, withdrawal, depression, anxiety for acceptance by adults, hostility towards adults, 'writing off' of adults and adult standards, anxiety for acceptance by children, hostility towards children, restlessness, 'Inconsequential' behaviour, miscellaneous symptoms and miscellaneous nervous symptoms [19] . The scores of the individual syndromes were then added to obtain a total score (099 scale). High scores indicate social maladaption or maladjustment. To examine whether those with scores indicating behaviour problems have an increased likelihood of reporting CWP, individuals were divided into three childhood behaviour groups: those who scored below the 80th percentile (at 7, 11 or 16 years of age) were considered to have normal behaviour, those above the 95th percentile were considered to have severe behaviour problems and the rest were considered to have mildmoderate behaviour problems. The original behaviour scores were not comparable across three age points because they are measured using different rating scales.
CWP
The cohort members were asked about their experience of pain at the age of 45 years by self-completion questionnaire. Participants were asked: 'during the past month, have you had any ache or pain that has lasted for one day or longer?' Those answering positively were asked to shade the location of their pain(s) as a four-view body manikin. The CWP was then defined according to the definition used in the ACR criteria for FM [20] : pain must have been reported in the axial skeleton and contralateral body quadrants for at least 3 months.
Information on psychological distress was available at the age of 42 years. It was measured by the 12-item version of general health questionnaire (GHQ) and scored using the Likert method. The GHQ, as a screening tool for mental disorder [21] , has been extensively validated as a population measure of psychological distress and extensively used in population-based research [22] . The GHQ score was treated as a continuous variable in the analysis. Childhood somatization was based on parental report of vomiting, abdominal pain, headaches or migraine at 7 and 11 years of age, coded as a binary variable (present/absent). Social class of the father was collected at birth and of the study subject at the age of 42 years, and classified as professional, managerialtechnical, skilled non-manual, skilled manual and partly skilled or unskilled.
Analysis
The association of adult CWP with behaviour in childhood was assessed by means of Poisson regression, and expressed as risk ratios (RRs). 95% CIs of RR were derived using robust estimates of the S.E. [23] .
We carried out separate analyses for teachers' and parental reports of behaviour at 7, 11 and 16 years of age. The RRs were adjusted in the Poisson model for sex, social class at birth and at the age of 42 years. We previously reported that multiple somatic symptoms in childhood are associated with CWP [8] . Additional adjustment was therefore carried out for the number of somatic symptoms in childhood to assess whether childhood behaviour plays a role in the development of adult CWP independent of an influence on relationship in somatic symptoms in childhood.
Data on CWP at the age of 45 years were available for 8572 individuals among 17 313 survivors. Here we report results based on the cohort members with complete information of the parent/teacher rating questionnaire items at 7, 11 and 16 years of age, CWP and the other potential mediating or confounding variables (complete data analysis). Consequently, participants were excluded if they had missing data on any of the variables or individual items on the questionnaires.
To test the robustness of our results, we re-estimated the RRs by means of multiple imputation allowing for missing values. We imputed childhood behaviour, CWP and other potential confounders or mediating factors using the 'mice' method (multiple imputation by chained equations) described by van Buuren and Oudshoorn [24] . As recommended, 10 copies of the original data set imputed for missing data were created and the RRs were then calculated according to Rubin's rule [25] . All analyses were carried out using Stata 10 (StataCorp, Texas, US) [26] .
Results
There were 15 303, 14 761 and 12 537 subjects whose behaviour was assessed at 7, 11 and 16 years of age, respectively. Of the 8572 subjects whose CWP was examined at the age of 45 years, CWP is slightly more common in females than in males (12.9 vs 11.7%). Table 1 shows the relationship between childhood behaviour reported by parents and CWP at the age of 45 years. There was an increase in the risk of reporting CWP at the age of 45 years with every unit increase in Rutter A scale score at 16 (RR 1.05; 95% CI 1.03, 1.06), 11 (RR 1.03; 95% CI 1.01, 1.05) and 7 (RR 1.02; 95% CI 1.01, 1.04) years of age. After adjustment for gender, social class, childhood common symptoms and adult GHQ, there remained significant associations with childhood behaviour scores at 11 (RR 1.02; 95% CI 1.00, 1.04) and 16 years (RR 1.03; 95% CI 1.01, 1.05) of age. In comparison with those with normal scores, those with scores indicating severe behaviour disturbance at the age of 16 years had an increased likelihood of CWP in adulthood (RR 1.51; 95% CI 1.09, 2.10). The corresponding multiple imputation RR was lower and of borderline significance (RR 1.23; 95% CI 0.97, 1.56). Table 2 shows the relationship between childhood behaviour reported by teachers and CWP at the age of 45 years. There was an increase in risk of reporting adult CWP at the age of 45 years with every unit increase in Rutter B scale score at the age of 16 years (RR 1.04; 95% CI 1.03, 1.05), and in BSAG scale score at the age of 11 (RR 1.02; 95% CI 1.02, 1.03) and 7 years (RR 1.02; 95% CI 1.01, 1.02). After adjustment for gender, social class, childhood common symptoms and GHQ, there remained a statistical association with childhood behaviour scores at the age of 16 (RR 1.04), 11 (RR 1.02) and 7 years (RR 1.01). The association was not completely explained away by the potential bias due to missing values (multiple imputation RR was 1.02 at the age of 16; 1.02 at the age of 11 and 1.01 at the age of 7 years). In comparison with those with normal scores, those with scores indicating mildmoderate and severe behaviour disturbance at the age of 16 years had an increased likelihood of reporting CWP in adulthood (RR 1.68; 95% CI 1.38, 2.06 and RR 1.69; 95% CI 1.18, 2.42, respectively). The association remained after further taking into account the missing values (multiple imputation RR 1.40 for mildmoderate and 1.40 for severe). Those indicating severe behaviour disturbance at the age of 11 years had a nearly doubling of the risk of reporting CWP in adulthood (RR 1.95; 95% CI 1.47, 2.59), which also remained after taking into account the missing values (multiple imputation, RR 1.63, 95% CI 1.35, 1.97). We further assessed the relationship between persistent behaviour problems in childhood and CWP in adulthood. Compared with individuals free of behaviour problems at all three age points, those with persistent behaviour problems at 7, 11 and 16 years of age had a >2-fold increased risk of CWP (RR 2.14; 95% CI 1.43, 3.21). Those indicating behaviour problems at some but not all points at 7, 11 or 16 years of age had a 1.4-fold (95% CI 1.15, 1.63) increased risk of reporting CWP in adulthood.
Discussion
In this population-based study, behaviour in childhood assessed by teachers or parents is shown to be associated with the reporting of CWP in adulthood, with a slightly stronger association with teacher-reported behaviour. The strongest association was found among those with scores indicating persistent (chronic) behaviour problems in childhood. In addition, this association is not explained by social class, nor is it mediated through childhood symptom reporting or adult psychological distress.
However, we need to consider the potential biases and whether they could lead to an artefactual association. The first possible bias is due to attrition, which has been described in detail for this cohort by Atherton et al. [27] . In this 45-year sample, there was modest underrepresentation of those with severe behaviour problems and poor health in childhood [27] . In our sample, there were 3% of individuals with behaviour problems at 7, 11 and 16 years of age, compared with 5% in the original samples at their respective ages, although the sample was broadly similar to the original birth population in terms of gender (male 51 vs 49%) and social class at birth. The results obtained from the multiple imputation analysis are slightly weaker than those from the complete data analysis, but not indicative of marked bias due to attrition.
Another consideration is the potential confounding effects of adult emotional and psychological distress. It has been found to be associated with both childhood behaviour [13] and CWP in adulthood [28] in previous studies. Similarly, in this study, GHQ score was associated with teacher-reported childhood scores (regression coefficients: 0.01 at the age of 7 years, 0.02 at the age of 11 years and 0.03 at the age of 16 years; all P < 0.001) as well as CWP (RR 1.11; 95% CI 1.01, 1.13). But the association between adult CWP and childhood behaviour remained after allowing for GHQ score in addition to social class and gender. The association with childhood behaviour is not explained either by this or by other potential confounders or mediators.
What might be the biological mechanism underpinning our observed relationship? One possible explanation may be due to the long-term neuroendocrine dysfunction beginning in the early life of some individuals. The CWP is known to be characterized by sensitization of central pain pathways, with lowered pain threshold and increased levels of psychological distress. The hypothalamicpituitaryadrenal (HPA) axis, the primary neuroendocrine stress response system, has been demonstrated to be associated with childhood behaviour [29] . Similarly, altered HPA axis function has been reported to be associated with CWP [30] . Interestingly, a recent study has also demonstrated a role of HPA pathway genes in the susceptibility of developing musculoskeletal pain [31] . Together with previous findings, we hypothesize that a long-term HPA axis dysfunction, as a potential mediator, may be the mechanism linking childhood behaviour problems and CWP in adulthood, in particular, among individuals with persistent (chronic) behaviour problems in childhood. But future molecular/genetic studies are required to clarify this. The observed association with childhood behaviour, however, is not specific to CWP. Adolescents with behavioural and conduct disorders have been found to be associated with a variety of other somatic functioning disorders in adult life in addition to the association with CWP which we reported here. These include poor long-term psychiatric outcomes in adult life [13, 32] , such as depression and anxiety [3339] , suicidal behaviour [33, 35] , substance abuse and being treated for psychiatric illness [32] , particularly in this population [40] . Childhood behaviour problems may lead to the above proposed 'common pathway' of a long chain of mutable events and CWP may be one of the outcomes of such a pathway.
The study has a number of advantages. First, in this population-based study, the sample is representative of the population of England, Scotland and Wales born about half a century ago. As the nature of data collection is prospective, the observed association is not explained by bias due to distal (30 years ago) inaccurate recall of behaviour, which is often encountered in casecontrol studies. Unlike classical cohort studies, which tend to identify their exposed and unexposed individuals who may have been born over a wide time frame at the beginning of the study, the present study is free of the potential confounding effects by age and calendar periods. There remained perfect matching on age and calendar periods between the exposed and unexposed individuals although participants were followed up for nearly half a century. Secondly, childhood behaviour was rated by two raters, teacher and parent (mainly mother). The parallel analysis of teacher-reported and mother-reported data produced consistent results, but with teachers' results demonstrating a slightly stronger relationship. In addition to meeting children regularly, teachers are in a unique position to assess each child because they are able to make a comparison with the child's peers in situations involving varying formal tasks and social demands.
The study of life-course influences on chronic pain is still in its infancy. Future studies are required to confirm potential links between experiences of early life events and CWP across the life course. The usefulness of these observations needs to be determined in terms of biological mechanisms. Substudies within existing birth cohorts incorporating the repeated collection of biological samples will prove useful in elucidating some of the hypothesized mechanisms that could link these childhood markers and chronic pain in adulthood. This approach will also allow the study of chronic pain in the context of other potential health outcomes and determination of to what extent pain is simply one manifestation of a poor health trajectory beginning with early life events or to what extent there are specific mechanisms (e.g. childhood injury and painful procedures) involved. For example, focused investigation on HPA axis activity would allow the potential for intervention studies on selected groups of individuals to be determined.
In summary, the study adds new evidence that behaviour in childhood may be an early marker of an unrealized risk of adult CWP. Together with previous studies, the study points to early life which may be an important period in the development of adult pain. Pain pathway development in early life should be examined in order that the underlying mechanism can be understood.
Conclusion
Maladjusted (social) behaviour is associated with increased long-term CWP beyond childhood and adolescence. This association is not explained by social class, nor is it mediated through early symptom reporting or adult psychological distress. Future work should investigate the biological disturbances that may underlie such increased risk.
Rheumatology key messages
. A history of maladjusted (social) behaviour in childhood is an early marker of CWP in some adults. . The underlying biological disturbances that link aspects of childhood behaviour with CWP are undefined. . HPA axis may mediate the relationship and this should be a candidate for further research.
